Using the modified Frank's lead system from our laboratory, the 3 orthogonal radioelectrocardiograms were taken in the normal subjects, the patients with hypertension, myocardial infarction and sclerotic heart disease. The line connecting the termini of mean T vectors at control or one stage and at the other stage in exercise, is named an exercise vector. The exercise vector at 15 sec. (Ex.-15") was directed from the left and anteriorly to the right and posteriorly in normal subjects. In severe hypertension, the Ex.-15" was directed from right and anteriorly to the left and posteriorly. The Ex.-15" in myocardial infarction tended to have the direction opposite to the infarction vector, for example, from the right and posteriorly to the left and anteriorly in anteroseptal infarction, and from the right and anteriorly to the left and posteriorly in anterolateral infarction. These results indicate that the Ex.-15" tends to have the direction reducing the magnitude of normal and abnormal ventricular gradient, and diagnostically useful sign in determining the ischemic area of heart.
Using the modified Frank's lead system from our laboratory, the 3 orthogonal radioelectrocardiograms were taken in the normal subjects, the patients with hypertension, myocardial infarction and sclerotic heart disease. The line connecting the termini of mean T vectors at control or one stage and at the other stage in exercise, is named an exercise vector. The exercise vector at 15 sec. (Ex.-15") was directed from the left and anteriorly to the right and posteriorly in normal subjects. In severe hypertension, the Ex.-15" was directed from right and anteriorly to the left and posteriorly. The Ex.-15" in myocardial infarction tended to have the direction opposite to the infarction vector, for example, from the right and posteriorly to the left and anteriorly in anteroseptal infarction, and from the right and anteriorly to the left and posteriorly in anterolateral infarction. These results indicate that the Ex.-15" tends to have the direction reducing the magnitude of normal and abnormal ventricular gradient, and diagnostically useful sign in determining the ischemic area of heart. HE and ventricular gradient 15 sec. after beginning exercise.
MATERIALS AND METHODS
Eighty-five patients (53 male, 32 female) from the Second Department of Internal Medicine of the University of Tokyo Hospital were included in this study. The ages ranged from 19 to 72 years. They were divided into four groups.
1. Normal subjects: This group included 26 patients with no apparent heart disease and no hypertension (15 male, 11 female, 19-64 years). Electrocardiograms were within normal limits.
2. Patients with hypertension: This group consisted of 25 persons with blood pressure over 160/95 (13 male, 12 female, 31-69 years). They had no congestive heart failure and no marked arrhythmia. Some of them showed the flattening or inversion of T wave on the electrocardiogram. The methods of radiotelemetry with 3 orthogonal leads have been discussed in detail in a previous paper. For the purpose of the spatial analysis of the exercise electrocardiogram, a modification of Frank's orthogonal lead system was devised to diminish interference in electrocardiographic records during exercise. The 3 orthogonal leads were recorded simultaneously. A control tracing was taken before exercise. Records were taken at 15 and 30 sec. intervals during the exercise period. After cessation of exercise, electrocardiograms were taken at 30 sec. intervals for 7 min. The horizontal mean T vector (T) was calculated from the measured T areas in the X and Z axes. When the termini of T at 15 sec. after beginning of exercise (T-15") and T before exercise were connected, a straight line was obtained, which was called the Exercise Vector at 15 sec. (Ex.-15"). The exercise vector for each period of exercise was obtained by connecting the termini of T recorded during each of the exercise period. RESULTS 1. Normal subjects ( Fig. 1 and 2 ): In 22 cases, the line connecting the terminus of the T of the control and the terminus of the T at 15 sec. after beginning exercise was directed to the right and posteriorly, that is, the Ex.-15" was directed from the left and anteriorly to the right and posteriorly. In the remaining 3 cases, the Ex.-15" was directed from the left and posteriorly to the right and anteriorly. The T returned to its original position during exercise or after the cessation of exercise in all cases. In 7 cases, the T was directed more left and anteriorly after exercise than before exercise.
2. Patients with hypertension ( Fig. 3 and 4) : In 15 cases, the T before exercise was directed to the left and anteriorly (2-a group). In the remaining 10 cases, the T before exercise was directed to the right and anteriorly (2-b group). In the 12 cases of 2-a group, the Ex. to the left anterior position. In the 3 cases of the 2-a group, the Ex.-15" was directed from the original point to a point more to the left. Two patients had angina pectoris and the other patient was thought to have sclerosis as well as hypertension because of age (65 yrs.). Therefore, in those cases with only hypertension and without other complication, in which the T before exercise was directed to the left and anteriorly, the Ex.-15" was directed to the left and anteriorly to the right and posteriorly. The Ex.-15" of the 2-b group was whether directed from the right and anteriorly to the left and posteriorly, regardless of patients had angina pectoris or not. The Ex.
-30" or -1' in this group was not definitely directed but tended to be directed to the left and anteriorly in the process of exercise.
3. The patients with myocardial infarction (Fig. 5, 6 , 7 and 8): As shown in Fig. 5 , the T of the patient with anteroseptal infarction was directed to the right and anteriorly before exercise and Ex.-15" was directed to the left and anteriorly. Exercise vectors were directed more to the left and anteriorly during the course of exercise. The T before exercise of the patients with an- 
DISCUSSION
To analyze the change in T wave form during exercise, and the changes in the spatial orientation of the T, many complicated factors such as heart rate,9) hemodynamic effects and metabolic changes should be considered. Changes in QRS deflections during and after exercise were not significant in this study and degree of changes in the T wave may therefore be considered parallel to the changes in ventricular gradients. Therefore the Ex. was used to indicate the change in the spatial ventricular gradient vector (G) between two different periods of exercise. Generally, the G decreased in spatial magnitude in normal subjects when the heart rate was increased but the mechanism for this is not known. Increased sympathetic tone might be one of the exact factors. At 15 sec. after beginning exercise increased sympathetic tone does not have a great effect on the heart as later in exercise. Also from the hemodynamic stand- Fig. 9 . The Ex.-15" of normal subject.
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point, blood pressure is not significantly increased during these short periods. The changes of the G at 15 sec. after beginning exercise was therefore thought to be produced chiefly by the change in heart rate. The spatial T wave change was therefore analyzed during exercise, especially that of 15 sec. after beginning of exercise utilizing the modified Frank's lead system. In normal subjects the Ex.-15" was directed from the left and anteriorly to the right and posteriorly or from the left and posteriorly to the right and anteriorly (Fig. 9) , that is, the Ex.-15" moved in such a way that the G did not change direction but decreased in magnitude. In cases with mild hypertension, in which the T before exercise was directed to the left and anteriorly, the Ex.-15" was directed in the same direction as in normal subjects. These results suggest that T wave changes 15 sec. after the beginning of exercise in normal and mild hypertensive subjects was influenced chiefly by the change in heart rate.
The change in direction of the Ex.-15" in cases with myocardial infarction was thought to be noteworthy.
As shown in Fig. 12 , 13, 14 and 15, the Ex. heart. There was the possibility that not only the change of heart rate but also local factors in the myocardium in the area of the infarction influenced the G 15 sec. after the beginning of exercise. If the factor that decreased the magnitude of the G with increased heart rate had the same effects as the effects produced on the myocardium by myocardial infarction, the direction of the Ex.-15" would be related to the location of myocardial infarction, and could be explained by a decrease in the local G,10),11) which may be closely related to the production of Ex.-15". In cases with rather severe hypertension, in which the T before exercise was directed to the right and anteriorly, the Ex.-15" was directed to the left and posteriorly, as shown in Fig. 11 . This may be explained in the same way as the example just given. In cases with arteriosclerotic heart disease, the Ex.-15" was directed to the right and posteriorly or to the left and posteriorly. Jap. Heart J. January, 1967 Fig. 15 . The Ex,-15" of sclerotic heart disease.
As shown in Fig. 15 the local G probably influenced on the Ex.-15". In the time course of exercise, G decreased further in its magnitude without change in direction and increased in magnitude after cessation of exercise in a majority of normal cases. There were, however, a few cases in which G increased in magnitude early during the course of exercise. In cases with mild hypertension, the increase of G occurred earlier during exercise than in normals, regardless of the degree of increase in heart rate. This fact suggested that some other factors influenced the change in G. It is possible that hemodynamic changes such as increase in blood pressure occurred.
The results of our study would indicate that the Ex.-15" may be useful in the diagnosis of ischemic heart disease and the direction of the Ex.-15" may indicate the location of the ischemic area of the heart.
SUMMARY
This study was undertaken to analyze the spatial change in T waves that occurred during exercise in patients with ischemic heart disease and hypertension, and to evaluate the clinical significance of these changes in terms of the ventricular gradient.
(1) The exercise vector at 15 sec. in normal and mild hypertensive patients did not change the direction, but decreased its magnitude. This fact is as same as the ventricular gradient is decreased its magnitude and does not change its direction in changing heart rate in normal person. This suggested that the T wave change at 15 sec. was influenced mainly by a change in heart rate.
(2) The exercise vector at 15 sec. in cases with myocardial infarction, arteriosclerotic heart disease and severe hypertension was directed to the area with evidence of myocardial infarction and enlargement, which suggests that a local ventricular gradient vector influenced the T wave changes at 15 sec.
(3) The exercise vector 15 sec. after beginning exercise was thought to be diagnostically useful in determining ischemic areas of the heart.
